Record-breaking amounts of precipitation occurred in northern Utah during the period January 29 t o February 2, 1963. The synoptic situation associated with this storm is discussed and some of the possible factors involved in the production of heavy precipitation in this area are listed. A brief comparison between the hydrologically critical features of this storm and those of the heavy rain-on-snow storm which occurred in Fcbruary 1962 is made, and the importance of soil condition in flood production is emphasized.
INTROQUCTION
Record-breaking amounts of precipitation occurred in northern Utah from January 29 to February 2, 1963 . Several features of this storm and the associated precipitation were very unusual and merit investigation.
During the night of January 31 and February 1, 1963, 5.08 in. of rainfall was measured a t Deer Creek Dam in Provo Canyon, Utah. This amount exceeded the previous official 24-hr. precipitation value for Utah of 4.50 in. which has been measured at both Monticello, on November 27, 1919, and a t Tropic, on January 23, 1943. A report of over 5.00 in. of precipitation during a 1-day summer storm was obtained from a bucket survey near Morgan, Utah, on August 16, 1958. New official 48-hr., 72-hr., and 96-hr. records for the State were also established. These are 8.88 in., 9.59 in., and 10.13 in., respectively. Undoubtedly, new records for periods shorter than 24 hr. would have been established had recorder measurements been available.
The record-breaking precipitation in 1963 followed b y one year a heavy rain storm which caused extensive flooding in northern Utah, eastern Nevada, and southern Idaho. Serious flooding in 1963 repeated the record-breaking flooding in southern Idaho but was limited in Utah to the immediate area of Deer Creek Dam. Concurrent with the 1963 storm in Utah, heavy precipitation occurred over a wide area of northern and central California. Threeday amounts in this area approximated those of the record December 1955 storm.
DESCRIPTION OF STORM
The meteorological synoptic situation associated with the heavy precipitation in the 1963 storm was quite different from that of the previous year, as reported by Peck and Richardson [Z] . At 700 mb. ( fig. 1 ) a strong blocking High (omega type) was centered over Alaska; this persisted during most of the storm period. This high pressure area forced Pacific storms to the south and maintained an on-shore flow of warm moist air. During most of the storm period, strong zonal flow aloft prevailed over the continental United States. A zone of confluence persisted along the west coast, spreading a t times over the northwestern section of the Nation. The blocking High began to break down early on the morning of February 1, terminating the features permitting the Utah storm.
The surface synoptic charts during the storm ( fig. 2 ), show a slowly moving polar front lying east-west through central Idaho and Oregon on January 28 which moved southward to the vicinity of Salt Lake City, Utah, b y the following day. Early on January 30 a series of minor waves began moving onto the coast from the Pacific ;owpressure system. The weak surface fronts associated with these short waves dissipated before reaching northern Utah except for the last one of the series which passed over the northern portion of the State on the morning of February 1.
Radiosonde observations of the upper air are made twice daily a t the Weather Bureau Airport Station at Salt Lake City. The adiabatic charts for the storm period show a steady increase in the moisture content of the atmosphere beginning with the January 28 observation ( fig. 3) . By the morning of January 30, the air mass was nearly saturated from the surface to 400 mb. Except for a slight decrease in moisture below the 700-mb. level, it remained nearly saturated until the afternoon of February.1.
Variations in the temperature soundings were also very interesting. During the afternoon of January 29 marked warming occurred above the 700-mb. level and extended to a11 levels b y the morning of January 30. With this rapid warming, the freezing level rose from the surface to near During the night of the 30th, additional warming 9,000 ft., MSL. occurred below the 700-mb. lerel and accounted for the precipitation falling in the form of rain. At the same time, several degrees of cooling occurred above the 500-mb. level, decreasing the stability of the atmosphere. This decrease in stability combined with the lifting effect of the Wasatch Mountains and the funneling exerted by the topography were effective factors in producing the record precipitation at Deer Creek Dam, Utah. The record 5.08 in. occurred principally during two periods: 2200 MST January 31-0100 MST February 1 and 0430-0700 MST February 1. The first period of heavy precipitation was associated with thunderstorm activity; the second probably occurred with the passage of the surface front. By comparison, Salt Lake City Airport, which did not have the added effects of topographic lifting and funneling, recorded only 0.23 in. during the 5-day period.
The 700-mb. chart ( fig. 1 ) for 0500 MST January 31, 1963, shows the moist west-southwesterly flow that prevailed over the western States during the storm period. Minor upper-air waves moved along the general flow pattern and caused variations in the observed precipitntion. Poorest weather (clouds and precipitation) is generally found immediately east of minor troughs, and less intense weather as minor ridges approach. Figure 4 shows the 6-hr. winds aloft for Salt Lake City from 5,000 to 23,000 f t . MSL for the storm period, illustrating that the storm was a low-level phenomenon. The upper-air flow a t 700 mb. changed from west-southwest to west-northwest with the passage of the upper-air trough and surface front through northern Utah on the morning of February 1. The strongest upper-air winds (110 to 115 kt.) occurred on the morning of February 1 a t 20,000 to 21,000 f t . MSL, indicating the proximity of an upper-air jet stream.
A U.S. Navy handbook [3] has shown that a time hodograph may be used to depict the movement of minor perturbations (short waves) along major wax-es. A time hodograpb, using 6-hr. 10,000-ft. MSL winds from the Srtlt Lake City Weather Bureau Airport Station during the period January 29 to February I, is shown in figure 5 . The winds are plotted by direction and speed, and each point is labeled with the date and time (mountain standard) of the observation. The circular looping indicates that perturbations were moving through the area; each complete loop indicating the movement of an entire minor ware (from a trough, through a ridge, to ZL trough). If the line connecting consecutive wind vectors ino\Tes clockwise, it indicates that the center of the perturbation moving through the area is north of the station. Likewise, a counterclockwise movement locates the center of a perturbation south of a station. Three minor waves moved through the area with centers north of Salt Lake City at approximately 24-hr. intervals on January 30 and 31 and February I
The effect of a minor wa1-e passage on precipitation is demonstrated by the plot of 6-hr. precipitation totals for Malad, Idaho (approximately 100 mi. north of Salt Lake City), on the liodograph in figure 3. Precipitation data from Malad, Idaho, were chosen for illustration since the perturbation at Malad occurred when the hodograph loops indicate that the minor wave trough was approaching the station (right-hand section of the three loops). It was not possible to determine the actual distribution of precipitation in the area of Deer Creek Dam, Utah, since there were no recording rain gages. The movement of the short wares across the area of Deer Creek Dam must have had an influence on the time distribution and total amount of precipitation produced.
A survey by Weather Bureau personnel was conducted on February 2 in the region of heaviest precipitation to obtain personal accounts of the storm and measurements or estimates of heavy precipitation. These reports confirmed that the area of heaviest precipitation was limited to the immediate area of Deer Creek Dam. At the Conrad Ranch ( fig. 6 ) on the South Fork of the Provo Riwr, Mr. Conrad used fruit juice cans to catch rainfall for his own information. The total catch as checked by Weather Bureau personnel was 7.00 in. The survey also brought out the fact that thunderstorm activity occurred during the storm. Light snow fell in Provo Canyon on January 29, but changed to rain by nightfall. The rain was reported as steady through February I, forenoon. The lower valleys and hillsides up to 7,500 ft. MSL were quickly denuded of snowcover.
The survey produced additional estimates of the total storm precipitation. One of the most interesting accounts of the severity of the storm was the report given by Don Wimpie, the weather observer a t the Deer Creek Dam, as stated below: "Clouds were very dense during the entire period. There was a strong up-canyon wind (from the southwest) which at times was as strong as any we have encountered in this canyon, but in the opposite direction of the pre- -IO TEMPERATURE 'C TEMPERATURE * C FIGURE 3.-Adiabatic charts for Salt Lake City, Utah, for period prior to maximum storm. vuiling wind. Rain was so heavy that one could see only a few rods at the most even during the middle of the day. We observed a t last two streaks of lightning but heard no thunder in the power station. Rain came down in the proverbial sheets with the heaviest period from 1O:OO p.m. to 1:00 a.m. on Thursday night, and again from 4 :30 a.m. to 7 :00 a.m. on Friday, February 1. This was the period when a large percentage of the 5.08 in. probably occurred, although rain was practically continuous during the 4-day period. Rain was seeping through the cinder-block wall on the west side of the power house and required continual mopping up. The Friday morning measurement of 5.08 inches was so unusual that we cdled a11 four employees on duty to check on the amounts, which required three fillings of the small measuring tube as follows: 1.80, 1.73, and 1.50. This precipitation was also preserved in a separate container and later rechecked by our supervisors from the Provo River Water Users Company in Provo. Height of the water in the reservoir had risen 3.2 ft. at the 9:00 a.m. (Saturday) check-out and was expected to rise further as the moisture drained down from the rain-soaked hills. One unusual aspect noted and photographed was the many mud slides scarring the grassy hill sides north of the dam, away from the highway. Only minor traffic interference was reported on the main highway which skirts the sout,hern side of the dam. 24-hr. precipitation totnls to thc 5-dtiy tot& showed a consistent pattern and was used to derive estiiiiates for the 24-hr. isohyetal map for locations where only storm totals were avai1:iblc (shown in parentheses on fig. 6 ). An isohyetal map for the general area surrounding Deer Creek Dam for the 24-hr. period when the recordbreaking total of 5.08 in. was measured is shown on figure 6 . The most unusual feature of the m:~p is that the highest-valucd isohycts are east of the major ridge of the Wasatch Front, although with westerly winds aloft the heaviest prccipittLtion is generally found oii the western slopes. A similar distribution of precipitation with topography for :L 111iLjOr storm in Calilornia has been reported by Weaver [4] . This same condition prevailed to the south along the extension of the Wasatch Mountains in central Utah. Strenm-gaging chart records and other information furnished by the Salt Lake City District Office of tlie US. Geological Survey were used to hclp locate the areal extent of the heavy precipitation for tlie 24-hr. isohyetal map. Tnble 1 is 5t tabulation of' the precipitation of selected stations showing tlie total amount observed for the 5-clay period, the amount for the 24-hr. period when the record breaking total \vas observed a t Deer Creek Dam, and the maximum 24-hr. total reported for each station during the storm.
METEOROLOGICAL ASPECTS OF THE STORM
The record-breaking precipitation associated with the storm and the unusual distribution of the precipitation pose questions for which therc are no definite meteorological answers. Considerable research beyond the scope of the present study would be required to provide the answers. However, in view of the importance of such record- brcaking storms to hydrology, a list of some of the possible factors involved in tlie production of the heavy precipitation is given below :
I . A coi~siclerable portion of the bcaoy precipitdon mas probably associated with the passage of short wai-es. The largest 24-hr. total occurred with the passage of a surface frontal system nssociated with n strong upper-air 2. Orographic lifting played an important part in determining the precipitittion distribution since the air mass was fairly stable and moist in the lower layers during the entire storni period.
3. The upper-air jet stream apparently moved o \ w thc area of Deer Creek Dam, Utah, during the period of heaviest precipitation (cf. [l] ).
4. The temperature changes in tlie vertical indicated the development of instability aloft near the end of the storni period. Colder air could have moved in above trough.
warm moist air in Heber Valley preceding the passage of the surface trough. This would have induced consiclerable instability during the 24-hr. period mheii niasimum precipitation was observed. The reported thunderstorm activity tends to 1-erify the instability. Topographic funneling brought warm moist air into Heber Valley from the southwest cluring the entire period.
5. The wind direction, prior to the passage of the major trough, from the surface to approximately 7,000 ft. h4SL over the Salt Lake Valley, was soutlierly and parallel to the Wasatch Mountain ridge. A t 5,000 f t . MSL winds were generally southwesterly and shifted to westerly or perpendicular to the average ridge of the mountnins a t 14,000 ft. MSL. This wind pattern produced minor lifting of the moist air mass on the western slopes but from the precipitation distribution pattern apparently resulted in strong lifting just east of the major mountain ridge line.
6. Surface dcw points in Neoada and Utah 011 January Temperatures were much lower during the 1961-62 seiison with a total of 1,014 irccurnulat,ed freezing-degree days (Peck and Richardson [2] ) between September 1 nnd February 1. For the 1962-63 season there was an accumuliation of only 300 freezing-degree days.
As a result of the differences in the amount of precipitation, snow cover, and temperstures, the condition of the soil for the two seasons was quite different. The ground was frozen to a depth of approximately 3 ft. during the 1961-62 season with a dense concrete type of frost. This type of frost is highly impermeable and considerable heat is required for its dissipation. I n 1962, it WRS not permeated for two or three days during the storm period and this resulted in exceptionitlly heavy surface flow. The frost during the 1963 storm was reported as fairly deep in the Snlt Lake Valley (26 in.), but was of a honey-comb or hoar type due to the dryness of the ground. This type of frost nctually may increase infiltration and requires less lieiit than the concrete type for dissipation. Thus during the 1963 storm, most of the water a\railable for Differences in snow corer were just as marked. (11 February 9-10, 1962, both the 12-hr. rriid 24-hr.
highest persisting dew point records were tied at the Salt Lake City Weather Bureau Airport Station (41" F.).
During the 1963 storm, tlie 12-hr. highest persisting clew point was 39" F., or 2" lowcr :it the same station.
COMPARISON WITH OTHER YEARS
Precipitation in the form of rain has fdlen a t Heber, Utah, in January or February or during both months during 33 out of the 70 years since clinintologicnl records began. Snow depth records tire not complete for the entire period and it is iiot possible to deterinins the number of times rain has fallen on i~ snow cover or the total amount of water which would have been available for flooding as mas done in table 2 lor 1962 and 1963. However, in 7 out of the 70 yeirrs of record accuiiiulated precipitation (at least part in the form of rain) for consecutive days exceeded 1 in. (ttible 3). No records of flooding conditions are a v d a b l e for Heber, Utah, and no liccouiit of serious flooding could be found in the files of the Deseret News of Salt Lake City, Utah, covering the entire period. The 1962 flood is recognized by the old timers contacted as being the worst in the liistory of the city. As iridicated by Peck and Richardson [2] , serious flooding in the Heber Valley requires not only unusually heavy rain but frozen wet soil. The frozen wet soil requires an U I~L I S L I :~ set of climatological events : a wet ftLl1, very cold werither with litt,le or no snow cover, m d no thawing until the flooding period. It would be very difficult to place i t frequency on the siriiultaneous occurrence of all these events such as occurred in 1962.
